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(ႈFLHQF\�LV�WKH�UHODWLRQVKLS�EHWZHHQ�KRZ�PXFK�HQHUJ\�JRHV�LQWR�
D� V\VWHP�DQG�KRZ�PXFK�ZRUN� FRPHV�RXW� RI� LW��3HDN�HႈFLHQF\�
is the point at which maximum output is achieved with the least 
DPRXQW�RI�HQHUJ\�FRQVXPHG�SHU�XQLW��:H�XVXDOO\�WKLQN�DERXW�Hႈ-
ciency when talking about electrical items like appliances, air con-
ditioners, and so forth, or a vehicle's fuel economy, but the same 
concept applies to ventilation.

Optimum compliance is the point at which the lungs accept the 
most volume using the lowest ventilating pressure. As functional 
residual capacity decreases or increases compliance decreases 
as the lungs are no longer at the top of the compliance curve, 
more pressure must now be used to deliver the same volume. All 
modes of ventilation produce better results when optimum compli-
ance is reached. As well, the lung is most protected when being 
ventilated at or near optimum compliance. Clinically we refer to 
this as the "open lung" approach. The infamous "HIFI" trial of the 

����V�GHPRQVWUDWHG�WKH�LPSRUWDQFH�RI�WKLV�DSSURDFK�GXULQJ�+)2�

:LWK�+)2��WKHUH�LV�PRUH�WR�HႈFLHQF\�WKDQ�FRPSOLDQFH��UHJDUGOHVV�
of compliance, there is a point at which settings can be adjusted 
WR�XVH�OHVV�SUHVVXUH��DPSOLWXGH��WR�SURYLGH�VXႈFLHQW�PLQXWH�YHQ-
WLODWLRQ�� )UHTXHQF\� �I�� SOD\V� D� ODUJH� SDUW� KHUH��'XH� WR� WKH� ¿[HG�
inspiratory to expiratory (I:E) ratio, increasing frequency gives less 
inspiratory time to get volume in, and less expiratory time to get 
it out. This may lead to gas trapping in and of itself, but since 
the only way to maintain volume when raising frequency is to use 
higher amplitude, the risk of creating pinch points also increases. 
Because amplitude is above and below the set mean airway pres-
sure (MAP), higher amplitudes create larger troughs during the 
expiratory phase as well as higher peak pressure on inspiration. 
As end-expiratory pressure approaches critical closing pressures, 
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Using Volume Guarantee (VG)
WR�$FKLHYH�9HQWLODWRU\�(ϒFLHQF\

in High-Frequency Oscillation (HFO)

I dedicate this column to the late Dr. Andrew (Andy) 
Shennan, the founder of the perinatal program at Wom-
HQ¶V�&ROOHJH�+RVSLWDO� �QRZ�DW�6XQQ\EURRN�+HDOWK�6FL-
ences Centre). To my teacher, my mentor and the man 
I owe my career as it is to, thank you. You have earned 
your place where there are no hospitals and no NICUs, 
where all the babies do is laugh and giggle and sleep.

³:LWK�+)2��WKHUH�LV�PRUH�WR�H௻FLHQF\�
than compliance; regardless of 
compliance, there is a point at which 
settings can be adjusted to use less 
pressure (amplitude) to provide 
VX௻FLHQW�PLQXWH�YHQWLODWLRQ�´�

)LJXUH����2VFLOODWRU\�ZDYHIRUP�DERYH�DQG�EHORZ�0$3���3((3��LV�WKH�ORZHVW�SRLQW�LQ�WKH�ZDYHIRUP����



“The workaround has been to use higher 
frequencies, but as time constants get 
longer, using higher frequency greatly 
increases the risk of gas trapping. As 
well, the higher amplitude necessitated 
with higher frequency may result in 
DOWHUDWLRQV�WR�ÀRZ�FKDUDFWHULVWLFV��L�H���
FUHDWLQJ�WXUEXOHQW�ÀRZ��ZKLFK�UHGXFHV�
H௻FLHQF\���
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airway instability and micro-atelectasis may result. If expiratory 
pressure is low enough, "pinch points" occur in the conducting 
airways, preventing gas from exiting the lung. 

Oscillators used in the U.S. to date pose a conundrum for clini-
cians since they do not provide enough information at the bed-
side.  Amplitude is adjusted as "power," and while the amplitude 
is expressed as the pressure in cmH๜O, no such measurement 
is available, and "chest wiggle" is the basis for amplitude adjust-
ment. When dealing with smaller babies, there is another prob-
OHP��WKH�DPSOLWXGH�RQ�WKHVH�¿UVW�JHQHUDWLRQ�PDFKLQHV�LV�WRR�KLJK�
at lower frequencies to be used safely. The workaround has been 
to use higher frequencies, but as time constants get longer, using 
higher frequency greatly increases the risk of gas trapping. As 
well, the higher amplitude necessitated with higher frequency may 

UHVXOW�LQ�DOWHUDWLRQV�WR�ÀRZ�FKDUDFWHULVWLFV��L�H���FUHDWLQJ�WXUEXOHQW�
ÀRZ��ZKLFK�UHGXFHV�HႈFLHQF\�

The equation for CO๜ clearance during HFO is expressed as 
"DCO๜". DCO๜ = f*Vt² where Vt is HFO tidal volume. (2) In prac-
tice, this means that changes in frequency linearly alter CO๜ while 
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“It is worth noting that while increasing 
frequency using VG increases CO૰ 
elimination linearly, this is only true if the 
increased frequency does not result in 
gas trapping and that the machine is able 
to provide enough amplitude to do so. 
Otherwise, CO૰ clearance may actually be 
impaired." 
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changes in volume increase CO๜ exponentially. This is particu-
larly true when using frequencies above 5 Hz. (2) (This is an ex-
cellent primer by Dr. Jane Pillow courtesy of Drager). Clinically 
this means decreases in frequency can be compensated for by 
a small increase in Vt. In order to do that, however, it is helpful to 
know what that volume is. This is where VG comes into play.

Third generation oscillators soon to be available in the U.S. pro-
vide measurements for both Vt and minute volume and provide 
the option to set a target volume in HFO mode. Chest wiggle is no 
longer the indicator of how much ventilation a machine is provid-
ing since these machines not only tell us; they allow us to adjust 
the volume. In reality, what is altered to achieve a set target vol-
ume is amplitude.

:KHUH�GRHV�HႈFLHQF\�FRPH�LQWR�SOD\"�:KHQ�GHFUHDVLQJ�IUHTXHQ-
cy, we can now compensate for lost volume by simply increasing 
the target volume; adjustments are made in increments as small 
as 0.1 ml. Typical Vt during HFO is usually 1-2 ml/kg, and while 
higher volumes may be used, it stands to reason that using higher 
volumes during HFO may decrease the lung protectiveness of the 
mode. It is my practice not to exceed 3 ml/kg when using HFO 
with VG unless the amplitude necessary to deliver the volume is 
relatively low, or the larger volume is not required for a prolonged 
length of time.

In clinical practice, decreasing frequency while increasing VG 
may result in lower amplitude being used, sometimes as low as 5 
cmH๜2��7KLV�GHPRQVWUDWHV�LQFUHDVHG�HႈFLHQF\�DQG�UHGXFHV�WKH�
risk of gas trapping in two ways: lower amplitude decreases the 
risk of creating pinch points, and lower frequency gives more time 
for gas to escape. This, arguably, is a good thing.  It is worth not-
ing that while increasing frequency using VG increases CO๜ elimi-
nation linearly, this is only true if the increased frequency does 
not result in gas trapping and that the machine is able to provide 
enough amplitude to do so. Otherwise, CO๜ clearance may actu-
ally be impaired.

Resonance frequency also plays a role in CO๜ clearance. Ventilat-
ing with frequencies near pulmonary resonant frequency increas-
HV�YHQWLODWRU\�HႈFLHQF\��5HVRQDQFH�IUHTXHQF\�GHFUHDVHV�ZLWK�LQ-
creasing compliance (3) and varies depending on pathology and 
size. Rates used during high-frequency jet ventilation are closer to 
resonant frequency (4) than those typically used during HFO and 
are generally less than 10 Hz. Increasing frequency during HFO 

PD\�UHGXFH�DQ\�EHQH¿W�GHULYHG�IURP�WKH�UHVRQDQW�IUHTXHQF\�

$QRWKHU�EHQH¿W�RI�WKH�JUHDWHU�PRQLWRULQJ�FDSDELOLW\�RI�WKHVH�PD-
chines is the ability to monitor compliance in real-time. If an ad-
justment in MAP results in the machine using more amplitude to 
PDLQWDLQ�YROXPH��WKLV�UHÀHFWV�GHFUHDVHG�FRPSOLDQFH�DQG�WHOOV�XV�

the move is not a wise one. This is true of other modes of ventila-
tion as well: if adjusting PEEP in a conventional mode or high-
frequency jet ventilation necessitates using higher pressure to 
achieve the same results, the message is the same. An increase 
in oxygen requirements is another indicator, but derecruitment 
may show up as higher ventilating pressure before oxygen re-
TXLUHPHQWV�FKDQJH�VLJQL¿FDQWO\��,I�WKH�PD[LPXP�DPSOLWXGH�LV�DG-
justed fairly closely to amplitude used, a clinician also is given an 
early warning of decreasing compliance when the machine gives 
an alarm that it cannot deliver set volume.

While HFO/VG represents a brand-new concept in HFO, it is im-
portant to note that this mode has been used outside the U.S. 
safely and with success, and the adjunct is now available from 
several manufacturers, including Drager, Lowenstein Medical, 
and Maquet.  As with any new modality, buy-in from clinicians has 
been mixed. In Canada, there seems to be a great divide; those 
west of Ontario appear not to use the adjunct frequently, if at all. 
Units in Toronto have embraced HFO/VG, and it is used exten-
sively here, especially in the unit where I practice.

Finally, allow me to wish everyone a good summer. Stay healthy 
and stay safe during these trying times. As our mothers have told 
us, "this too shall pass." 
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